GAMMA CAMERA APPARATUS 



BACKGROUND OF THE INVENTION 
Field of the Invention: 

The present invention relates to a gamma camera 
apparatus for detecting gamma rays emitted from a 
radioisotope (RI) administered to an examinee to construct a 
three-dimensional image representing a distribution of the 
radioisotope in the examinee. 
Description of the Related Art: 

Apparatus based on a combination of a radiation 
detector and a computer for producing images representing 
internal information of examinees are widely used in the 
medical field, for example. One typical apparatus is an X- 
ray CT (computerized tomography) apparatus which comprises a 
radiation source and a radiation detector that are disposed 
in confronting relation to each other and rotated around an 
examinee to scan the examinee, and a processor for measuring 
and processing absorbed values of X rays that are 
transmitted from the radiation source through the examinee 
to the radiation detector to obtain a sectional image of the 
examinee from the absorbed values. 

The X-ray CT apparatus, however, is large in size and 
expensive to manufacture because of the structure that 
rotates the radiation source and the radiation detector 
around the examinee. 

There have recently been developed gamma camera 



apparatus for detecting gamma rays emitted from a 
radioisotope administered to an examinee with a plurality of 
detectors arranged in a plane and a scintillator, and 
reconstructing internal information of the examinee based on 
the detected gamma rays . 

One gamma camera apparatus that has been proposed has a 
encoding aperture plate having a number of apertures defined 
therein according to given rules and disposed in front of a 
scintillator, and reconstructs internal information of an 
examinee based on the information obtained from the encoding 
aperture plate. For details, reference should be made to 
"Encoding aperture radiation -type CT using M array". 
Transactions of the Society of Instrument and Control 
Engineers, Vol. 28, No. 4,426/432 (1992), and 
"Reconstruction of three-dimensional distribution of 99m Tc 
using encoding aperture CT" , Instrument department of the 
Society of Instrument and Control Engineers, 17th sensing 
forum (2000). 

SUMMARY OF THE INVENTION 
It is a general object of the present invention to 
provide a gamma camera apparatus which is capable of 
obtaining a high-resolution image representing internal 
information of an examinee. 

A major object of the present invention is to provide a 
gamma camera apparatus which is capable of obtaining three- 
dimensional image information of an examinee with a simple 



arrangement . 

Another object of the present invention is to provide a 
gamma camera apparatus which is of a small size. 

The above and other objects, features, and advantages 
of the present invention will become more apparent from the 
following description when taken in conjunction with the 
accompanying drawings in which a preferred embodiment of the 
present invention is shown by way of illustrative example. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an elevational view, partly in block form, of 
a gamma camera apparatus according to the present invention; 

FIG. 2 is a view showing M array apertures defined in a 
collimator in the gamma camera apparatus; 

FIG. 3 is a perspective view illustrative of the 
principles of the gamma camera apparatus; 

FIG. 4 is a flowchart of an image reconstructing 
process carried out by the gamma camera apparatus; 

FIG. 5 is a view illustrative of a process of obtaining 
a three-dimensional image with the gamma camera apparatus; 

FIG. 6 is a graph of experimental data representing the 
relationship between the position of the collimator and the 
resolution in the gamma camera apparatus; 

FIG. 7 is a graph of other experimental data 
representing the relationship between the position of the 
collimator and the resolution in the gamma camera apparatus; 

FIG. 8 is a graph of still other experimental data 



representing the relationship between the position of the 
collimator and the resolution in the gamma camera apparatus; 

FIG. 9 is a graph of yet other experimental data 
representing the relationship between the position of the 
collimator and the resolution in the gamma camera apparatus; 

FIG. 10 is a graph of still yet other experimental data 
representing the relationship between the position of the 
collimator and the resolution in the gamma camera apparatus; 

FIG. 11 is a perspective view of the gamma camera 
apparatus having a one -dimensional array of semiconductor 
detecting elements ; 

FIG. 12 is a transverse sectional view of the gamma 
camera apparatus having the one -dimensional array of 
semiconductor detecting elements; and 

FIG. 13 is a longitudinal sectional view of the gamma 
camera apparatus having the one-dimensional array of 
semiconductor detecting elements. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 
FIG. 1 shows a gamma camera apparatus 10 according to 
the present invention. As shown in FIG. 1, the gamma camera 
apparatus 10 basically comprises a gamma camera 16 for 
detecting gamma rays radiated from an examinee 14 lying on a 
bed 12 and an image reconstructing unit 18 (image 
reconstructing means) for reconstructing a three-dimensional 
image of the examinee 14 based on gamma rays detected by the 
gamma camera 16. The image reconstructing unit 18 comprises 



a personal computer, for example, and has a keyboard 20 for 
entering data to control the gamma camera 16 and a display- 
unit 22 (image display means) for displaying a reconstructed 
three-dimensional image . 

The gamma camera 16 has a main camera unit 26, a plate 
28 supported on the main camera unit 26 by a pair of guide 
bars 24a, 24b for keeping the main camera unit 26 spaced a 
certain distance from the examinee 14, and a collimator 30 
(encoding aperture plate) disposed between the main camera 
unit 26 and the plate 28. A screw 34 is threaded through a 
nut 32 mounted on the main camera unit 26 and has a lower 
end rotatably coupled to the collimator 30. The collimator 
30 can be displaced between the main camera unit 26 and the 
plate 28 when a knob 36 (adjusting means) fixed to the other 
end of the screw 34 is turned. The plate 28 may be made of 
any of various materials insofar as it can pass gamma rays 
radiated from the examinee 14 to the main camera unit 26. 

As shown in FIG. 2, the collimator 30 has a number of 
pinhole apertures 38 defined therein in a predetermined 
periodic pattern 40 according to an M array. The M array is 
a two-dimensional array of apertures 38 whose intervals are 
established according to the rules of an M sequence that is 
a pseudo-random sequence. The M array has an 
autocorrelation function close to a 6 function and has 
constant correlation function values other than a peak. 
Alternatively, the collimator 30 may have a one -dimensional 
array of apertures 38 defined according to the rules of the 



M sequence. 

The main camera unit 26 of the gamma camera 16 
comprises a scintillator 42 for emitting fluorescence upon 
exposure gamma rays radiated from the examinee 14, a 
scintillation detector 44 (detecting means) for detecting 
fluorescence and converting the detected fluorescence into 
an electric signal corresponding to a count of gamma rays, 
and a signal processing circuit 46 for transferring 
position-dependent count data from the scintillation 
detector 44 to the image reconstructing unit 18. 

The collimator 30, the scintillator 42, and the 
scintillation detector 44 lie parallel to each other. The 
scintillation detector 44 that is disposed closely to the 
scintillator 42 may comprise a position- sensitive 
photomultiplier or a one- or two-dimensional array of 
photodiodes. If the scintillation detector 44 comprises a 
position-sensitive photomultiplier or a one -dimensional 
array of photodiodes , then each of the collimator 30 and the 
scintillator 42 is also in the shape of a one-dimensional 
array, and the gamma camera 16 is scanned in a direction 
perpendicular to the arrays of the collimator 30 and the 
scintillator 42. Detected data from the gamma camera 16 are 
processed to provide information similar to information 
which is obtained if the scintillation detector 44, the 
collimator 30, and the scintillator 42 are in the shape of a 
two-dimensional array. 

The position-sensitive photomultiplier and the 



scintillator 42 may be interconnected by optical fibers to 
efficiently guide light from the scintillator 42 to the 
position-sensitive photomultiplier . 

The scintillator 42 may be made of a material selected 
from NaI:Tl, CsI:Na, LuSiOS :Ce(LSO) , 
(Lul*xGdx)Si05:Ce(LGS0) , YA103, etc. 

The scintillator 42 and the scintillation detector 44 
may be replaced with a semiconductor detecting device which 
is capable of obtaining an electric signal directly from 
gamma rays. The semiconductor detecting device may be made 
of CdTe, CdZnTe, or the like. The semiconductor detecting 
device may comprise a one- or two-dimensional array of 
semiconductor detecting elements. 

The gamma camera apparatus 10 is basically constructed 
as described above. The principles of operation and 
advantageous effects of the gamma camera apparatus 10 will 
be described below. 

The principles of a process of counting gamma rays 
radiated from the examinee 14 to reconstruct of an internal 
image of the examinee 14 will first be described below. 

In FIG. 3, the examinee 14 in which a radiation source 
for emitting gamma rays can be present is divided into n 
voxels, one of which is represented by j (3=1. 2, • ' • , n) , 
and the scintillation detector 44 for detecting gamma rays 
has m pixels, one of which is represented by i (i = 1, 2, 
• • • , m) . 

It is assumed that an expected value of the count of 



gamma rays emitted from the jth voxel in a certain time is 
represented by S^, an expected value of th count of gamma 
rays detected by the ith pixel in a certain time is 
represented by P ± , and a count of actually detected gamma 
5 rays is represented by P* A . If the probability that gamma 

rays emitted from the voxel j are detected by the pixel i is 
represented by f 13 , then the following equation is satisfied: 

n 

P^J^Sj (1 = 1, 2, m) •••(!) 



Q Since the count of gamma rays emitted from the 

IIS radiation source varies at random according to the Poisson 

tt ! 

|1J distribution, the count detected by the pixel i of the 

Ijl scintillation detector 44 also varies at random, and its 



in 

„ expected value P A is given by the equation (1). 



The probability f A , is geometrically determined by the 



|j| positional relationship of the voxel j , the pixel i, and the 

Tt apertures 38 of the collimator 30 and the M array that is 



the arrayed pattern of the apertures 38. However, since it 



is difficult to strictly calculate the value of the 



probability f ±i because of a large amount of calculations 



20 involved even under ideal conditions free of absorption and 



scattering of gamma rays, the value of the probability f i:J is 
actually determined on the assumption that the radiation 



source distribution in the voxel is represented by a point 



radiation source at the center of the voxel. 



25 Specifically, a path of gamma rays emitted from the 



voxel j and reaching the pixel i is of a conical shape whose 
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vertex is positioned at the center of the voxel J and bottom 
at the pixel i. If the vertex of the conical shape has a 
solid angle Q and the ratio of the area of the apertures 38 
to the area of the collimator 30 which is intersected by the 
conical shape (geometric-optical transmit tance) is 
represented by t, then the probability f ld is given as: 
f ±j = (Q/4rc) • t • • • (2) 

If the pixel is small compared with the voxel, a 
conical shape may be constructed which has a vertex 
positioned at the center of the pixel and a bottom held in 
contact with the voxel, and the probability f ±J can be 
determined more accurately from such a conical shape. 

If the distribution of the radiation source is 
represented by S = (S 1# S 2 , S n ) and the count of gamma 

rays by P* = (P*i* P* 2 * p *m) > then a conditional 

probability (likelihood) Prob(P*|s) that the count P* is 
obtained under the condition that the distribution S is 
observed is expressed by the following equation (3) using 
the formula of the Poisson distribution and the equation 

(1): 



where w * " represents a power. 

The image reconstructing unit 18 asymptotically 
determines a radiation source distribution S where the 
conditional probability (likelihood) Prob(P*|S) according to 
the equation (3) is maximum. 



m 




• • *(3) 



FIG. 4 is a flowchart of a specific process carried out 
by the image reconstructing unit 18 for determining the 
radiation source distribution S using the equation (3). 

First, gamma rays emitted from the radioisotope 
administered to the examinee 14 are detected by the 
collimator 30 and the scintillator 42, thus collecting a 
count P* representing projection data of the radiation 
source in step SI- Then, an initial value for the radiation 
source distribution S is set in step S2, and thereafter an 
expected value P (P 1# P 2 , • r • , P m ) which indicates an 
estimated projected image of the radiation source is 
calculated in step S3. The initial value for the 
distribution S of the estimated radiation source can be set 
so as to have a uniform distribution, for example. 

Then, the expected value P determined as indicating the 
estimated projected image in step S3 and the count P* which 
represents protection data collected in step SI are compared 
with each other in step S4 . It is then determined in step 
S5 whether the expected value P and the count P* agree with 
each other within an allowable error. If the expected value 
P and the count P* do not agree with each other within the 
allowable error, then an amount of disagreement P*/P of the 
estimated projected image is calculated in step S6 . The 
amount of disagreement P*/P is then inversely projected onto 
the examinee 14 in step S7, and the distribution S of the 
estimated radiation source is corrected in step S8. 

The processing in steps S3 through S8 is repeated to 
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bring the estimated value P asymptotically closely to the 
count P*. If the expected value P and the count P* agree 
with each other within the allowable error, then an image is 
reconstructed on the display unit 22 based on the 
distribution S of the estimated radiation source at the time 
in step S9 . 

The gamma camera apparatus 10 according to the present 
invention is capable of obtaining a high-resolution 
estimated projected image of the examinee 14 by adjusting 
the position of the collimator 30. 

Specifically, if the distance between the scintillation 
detector 44 and the collimator 30 is represented by D and 
the distance between the collimator 30 and a detection plane 
48 of the examinee 14 is represented by Z, then the 
scintillation detector 44 forms a projected image Q enlarged 
by the collimator 30 at an enlargement ratio a = (D + Z)/Z 
with the radiation from a point radiation source on the 
detection plane 48 (see FIG. 5). Similarly, a projected 
image Q' translated on the scintillation detector44 from the 
projected image Q is formed with the radiation from another 
point radiation source on the detection plane 48. The 
radiation from a detection plane 48" in the examinee 14 at a 
different distance Z" from the collimator 30 forms a 
projected image Q" enlarged by the collimator 30 at an 
enlargement ratio a" = (D + Z" )/Z" on the scintillation 
detector 44. 

Therefore, the projected image formed on the 



scintillation detector 44 includes information of the 
position in the detection plane 48 (48") of the point 
radiation source as the amount of translation, and also 
includes information of the depth of the detection plane 48 
(48") as the enlargement ratio. In general cases where the 
radiation source is distributed in a certain extent, the 
projected image thereof can be obtained as a superposition 
of projected images of point radiation sources. 

Since the collimator 30 has a plurality of apertures 38 
arrayed according to the M array, the autocorrelation 
function with the integration range being represented by one 
period has a sharp peak at its origin. Thus, by using an 
integral multiple of the period of the M array as the 
integration range, the correlation coefficient of the 
projected images Q, Q 1 becomes 0, and the projected images 
Q, Q" can be separated from each other. 

As shown in FIG. 2, the apertures 38 of the collimator 
30 are defined in the periodic pattern 40. Therefore, the 
point radiation sources on the same detection plane 48 (48") 
form projected images of the M array in a certain number of 
periods. The projected images Q, Q" of the point radiation 
sources at the different distances Z, Z" have different 
enlargement ratios a, a", and have a small correlation 
function. Therefore, it is understood that the M array 
whose autocorrelation function has a sharp peak at the 
origin and which is a periodic pattern is excellent as the 
array of the apertures 38 of the collimator 30. If the 



length of the period of the periodic array of the apertures 
38 is represented by L, then point radiation sources spaced 
by a distance V = L*(D + Z)/Z at the distance Z product 
exactly the same projected images. Consequently, the 
observation range for the detection plane 48 (48 n ) in the 
examinee 14 must be located within the distance V. 

As shown in FIG. 1, when the operator of the gamma 
camera apparatus 10 turns the knob 36, the position of the 
collimator 30 can be adjusted by the screw 34. When the 
position of the collimator 30 is adjusted, the enlargement 
ratio of the projected image formed on the scintillation 
detector 44 is varied, and hence the distance V for 
determining the resolution of the projected image is also 
varied. Accordingly, by suitably setting the position of 
the collimator 30 which determines the distance V, the gamma 
camera apparatus 10 can obtain a high-resolution projected 
image depending on the position of the detection plane 48. 

FIGS. 6 through 10 show experimental data representing 
the relationship between an enlargement ratio a= (D+ Z)/Z 
as viewed from the examinee 14, an enlargement ratio p = (D 
+ Z)/D as viewed from the scintillation detector 44, and a 
resolution y = p*|3 (p: an average pitch between the 
apertures 38 of the collimator 30, p = 1.5 mm in the 
experiment) at the detection plate 48 in the examinee 14 
when the distance Za between the collimator 30 and the plate 
28 was fixedly set to Za = 10 and the distance D between the 
scintillation detector 44 and the collimator 30 is set to D 



= 20, 30, 40, 50, 60. In FIGS. 6 through 10, the horizontal 
axis represents the distance Zp between the plate 28 and the 
detection plane 48, and the vertical axis represents the 
resolution y. 

The experimental data show that as the distance (depth) 
Zp of the detection plane 48 from the surface of the 
examinee 14 increases, the enlargement ratio a decreases and 
the enlargement ratio (3 increases, and that these 
enlargement ratios a, P agree with each other at the 
resolution 7=3 mm. By adjusting the position of the 
collimator 30 insofar as the difference between the 
enlargement ratios a, p is not large, it is possible to 
obtain projected images of highly accurate resolution. It 
is preferable that the enlargement ratio a be in the range 
from 1 . 5 to 3.5 

As described above, the gamma camera apparatus 10 can 
obtain projected images of optimum resolution. An obtained 
projected image of the detection plane 48 is displayed as a 
sectional image of the examinee 14 at the detection plane 48 
(48") on the display unit 22. A three-dimensional image can 
be produced by combining sectional images obtained from a 
plurality of detection planes 48 (48"). 

A more accurate three-dimensional image of the examinee 
14 can be reconstructed by processing data that are 
generated by imaging the examinee 14 with the gamma camera 
16 in a plurality of different directions. 

A more accurate three-dimensional image of the examinee 
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14 can also be reconstructed by processing data that are 
generated by imaging the examinee 14 with the gamma camera 
16 at a plurality of different enlargement ratios. 

As shown in FIG. 1, an image recording device 50 (image 
supply means) may be connected to the image reconstructing 
unit 18, and the projected image may be displayed on the 
display unit 22 in overlapping relation to an image supplied 
from the image recording device 50 to allow the operator to 
make a more accurate analysis of the image of the detection 
plane 48. The image recording device 50 may comprise a CT 
diagnostic device, a nuclear medicine diagnostic device, an 
MR (magnetic resonance) diagnostic device, a digital camera 
device, or the like. 

FIGS. 11 through 13 show a gamma camera 17 having a 
one -dimensional array of semiconductor detecting elements. 
The gamma camera 17 has a casing 25 in the shape of a 
rectangular parallelepiped. The casing 25 houses circuit 
boards 19, 21 each with a signal processing circuit mounted 
thereon and also houses the one -dimensional array of 
semiconductor detecting elements 23 connected with the 
circuit boards 19, 21. A collimator 29 is disposed at one 
end of the casing 25 with a spacer 27. A plurality of 
openings 31 are defined in parallel to the one-dimensional 
array of semiconductor detecting elements 23. The openings 
31 are disposed in a predetermined periodic pattern 
according to the M array. At the other end of the casing 
25, a connector 33 is disposed for connecting the gamma 



camera 17 with the image reconstructing unit 18 (see FIG. 
1). A switch 35 for starting the count of gamma rays with 
the gamma camera 17 and indicating lamps 37 , 39 for showing 
working conditions of the gamma camera 17 are disposed in 
the vicinity of the connector 33. By means of the spacer 
27, it is possible to adjust the distance between the 
collimator 29 and the one -dimensional array of semiconductor 
detecting elements 23 in the gamma camera 17. 

The gamma rays emitted from the examinee 14 come into 
the one-dimensional array of semiconductor detecting 
elements 23 through the collimator 29, and are converted 
into electric signals. The converted signals are counted by 
the signal processing circuit on the circuit boards 19, 21. 
The counted value is sent to the image reconstructing unit 
18 through the connector 33. The image reconstructing unit 
18 reconstructs a sectional image of the examinee 14 on the 
display 22 based on the counted value. 

Although certain preferred embodiments of the present 
invention have been shown and described in detail, it should 
be understood that various changes and modifications may be 
made therein without departing from the scope of the 
appended claims . 



